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rvr n» .lumetiT p‘m* oru 1 1 i p ! » e r . tvp; cal 


multtpliet cha r.ic f »• r I •• 1 1 i* > "luh i* k'.iin, »!irV cu-mit . 

: I an> It aiul ri^r tine‘s are corpa«*i! wi»h vJ.it.i pro\ i.!eu 
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bv the manul acturer . Phctonul : ipl lo? cbaracteri **1 i» i'onrrallv“ 

not available f ror the -^anul act ure r . vj-*. . 1 . ir^le pho*o 

electron tine spread, t!'.c relative collection ellicie^\, r be 
relative anode mil'e anplitude a- a function of the Vi»!taeo 

be’heen t he**n'»ot ocat ho Je and ;V*‘usiae elect rov!e, am! t lu* pO'i 
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t 101 , ot the pilot ocat bode sensing area i»erc neaMired ant! are 


Ji.>CU'ised for ’wo ‘o» ’’V’”s. The ingle phot oe lect ion tine ^prea 
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t no relative »,oll<*c»ion efficiencv, and the trap*»it tine di! 
erence a fiinc* ion o! the *. Itae.e *»etueen phot ocath»»de inJ 

locu'ing el**C!roile sere neas^jred and a»** ’Ji<cussed, 
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•’ I r* I c I ! ar 1 V >.it' teMVvt ’o t’e opt m.ution <m phot omu 1 1 i p 1 le 1 
• »pe*atin< cond;tion< fo* ‘mine app 1 1 cat ions . 
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\mpeiex So T\ 1’ is a fourteen -stage photowult ipl icr having 
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.* s20 phot ocat hod^ »»ith a peak response at 4jo ♦ ^0 nn. The 
Ireful dianeter of t ht photocathodo is approximately 4J nr. 

iis photo-iu 1 1 1 p 1 le r has been u*»ed in the receiver subsysten 
• '! » ».* NASA satellite laser ranging work at the Goddard Space 
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‘!rc’*t Tenter * The photomultiplier combines a number of 
char.iv ter I -t ics u-^eful in ranging applications, such as high 
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w 1 1 li tlio NASA Mojilioil ■.iiiui.K'l urt'i * > voll.i);!* Jivuicr, sh«««in 

Ml t’l^. I, liltll JI 1 J|ipl li*J VOll.lltC III *20 \ liottoiM-ll till* liliolo 
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t.ilhoiU’ Jnd flu* fociisiii); c loct rutir . It m.in toiiiul rii|ii* i im.'iiI .1 1 I « 
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fli.il Jt tliiN iiolcnli.il th«* pilot oMul 1 1 1* 1 1 i* r p.ii .imcIi-i > , *.iu h .1. 

I 111 ' xiiikIc* pliutoo ioi't run I lao •>pri’jJ ;iiiil thi' ri*l:ilivi* ioMi-«Im»ii 
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I'l I ii li'iuy , liJti* tlii’ir opt inuM value.. In the 1.1-1* ol iim- .K 
I'.iin .Mill iJ.irk ciirii'iit ai'.i*.ur«‘Ni*nt > , tin* \o|t.u*.i* tliiiiln n.i . 
-'Iiclitl^ nnijiliej to alloii I lie I'ocuMny eieelrutli* vo||.u*t* i«i 
ii.iii* .1 valiK* that 11.1'. approA ii.: It e I y ei|ii.il to ii.Oi t iwe the 
loli.i^i* hetneen the phot ucat hoJo anil the fir>t ilviiiule. Ihr^; 


H.I-. tione so that the ■eaMiieil phot oaul I 1 |i I lei ih.ii. n ti*i is| i> | 
1 .III In* nure easily cuaparcil hitli the m.iiiuI aet tin* r * s 
• |H'i 1 1 I eat ions . 

(..iiii .M ill Hark ta£rjTi*iit Measureaeiit s 

Measurement > ol t!.iin .iml ilaik eiirrent in*ii' m.iJi* i» 1 1 h iIm* 
si^leiii tle.si I I hi*ii III Kel. 2 . I iijiiie J shills the i;.iiii 
iiiin*nt ehar.ieter I st ie> ol the phutoMiil t 1 pi lei as limit loiis oi 
leli.i^i* applieil hetiieeii eathoJe .mil aiiutle. Hoth photoMiilti 


pliers have very similai Jc charai te r 1 si 1 1 s . Hie measnntl 
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i:.iin to.is I X III at JSiM* V. Hhe neasiireil ilark eiirienis .it 


J V iiere 5 .S * H» ** anJ S.S x 10 ^ \ lor serial iiiinheis 


• I Jill aiiil respectively. Hie ilark current ol the ^IJJi 

|ilMitOMiil T ipl ler shoiieil .1 stioni*. internal Je leak.i)*e cm lent 


iom|Minent. particularly at loiicr appl leil vo 1 1 aiies . 


An e«ti*rn.il 
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ilr.iniii)' of till' iiliotomiil t ipl ii*r did not Jccrca'tr the dv 


leakage CUM eiit'. coupuiieiit . I he Aaperex data uiider^thoe 
voltage conditioiiN and at an aabient toaperature of 2 S* 
foi the gain and dark current are 1 x lo and S X ii) A 
(■axinua value), respectively. 

Siniile Photoelectron 1 lae Spread and Relative Collection 


l.fliciency Measureaents 


The araount of electron transit t lae spread of a photo - 
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Multiplier depends *j;ion photoault ipl ler geoaet ric character;st ics 
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Its operat ing.condit ions , and the nuaher ol phrioelect rons 
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j<*leased fioM the photocathode. Since the *iae snreau vanes 
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approx laate 1 V inversely as the square root of itie n^)K*r^o 


,)liotoe lect rons , the t iMe -behavior inforaation oi single phot 
electrons is particularly helplul in predicting the transit 
tine tread for an arbitrary nuaher of photoelec troni. 
lurthernore , it is also helpful in the evaluation, selection,. 
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and coaparison of photomultipliers, as well as in determining 
the optinu*^ operating conditions in critical timing applications. 
In addition to the single photoelectron time spread, the 
elative collection efficiency also is an important photoaul t. i 
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plier parameter. Relative col lection^efficiency is the ratio 

between the efficiency of counting light pulses at a given 
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potential between the phot-icathodc and the focusing electrode 

and the efficiency of counting light pulses at optiaua potential 
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between the photocathodr and the focusing electrode. fhe 
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inatci! areas of the photocathodcr. A description and ajilock 


of the systen for oeasurinR the relative anode'^pulse 
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i''pTttUiic arc Riven in Ref. 5. The sane light pulser, fiber 
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optics light Ruide, and positioning disc were used as in the 
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CISC of the transit jiiie spread measureaents. Results of ■ 


he o Dicasur .’isents are given^Jn . Figs 6A and bB for photoault ipl ier 






In ailJitiun to tlir relative anede puli>c laplitudc 
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Ai a$uii'iiK.*nt > , the transit time dependence on anode pulse 
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inplittide tear also measured. Tnm anode output-pulse of tliv 
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phot iimui t ip 1 Id s sas adjusted to^^have an amplitude of S V. 
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lu- u-'iiij: neutral density filters in front of the phot oca thode, 
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output .inode^pul se amplitude Mas reduced tu SOO aV levels, 



wffh the So I VI* ope rat III i: volta)>e fixed at 2StMi V’. Iherc was 
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« ransil time depoiidence observed as a function of the input 
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ii):ht >i}:nal level. The small .imount of time walk measured ^ 
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IS .1 lunction of the input li)!ht amp. itude was due entirely to 

ttic time walk and resolution characteristics of the timinK 
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ionstant 'fract ion discr iminator used in the measuring system. 
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l!u* I liPl PMiil t ipl u*r h.i> o|H'rated at JSOO Heinro the nIiikU* 
phPtoe lect ron^pul NO response ■H'Usurcar'it teas Made, the system, 


I I >e tiae-»]^s Ki*.isured and found tu he 400 psec . «iith a ^8-psec 

i;>e t iHe tunnel diode pulse generator as the signal source. 
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i-i|.ure 7 slioiis the single phot'ie lect ron pulse shane obtained 
hv using JOO-psec light impulse excitation from thi Ferranti XP-73 
o lect loluminesceiit diode biased in the reveisc direction. Ihc 
'ingle photoelect ion pulse risctime and pulse width ( h'MIlM) were 
1.8 -t».l and 2 t0.2jnsec, respectively. 
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Ma r k I ’ alsc Spectrum Measur e ment s 

hark -pulse spectrum aeasurements were made by using the 
svsteu described in Kef. 2. The spectrum ts shewn in Fig. 8 
\s expected, the photo«>ull ipl icrtpulse height rc.solution ts 
net e.ooil enough to 'ihow one, two, .and three phetoe l«*ct ron 
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peaks 111 the Measured sped rump The dark -pul sc sumnation, 
t.'keii fioR. 1/8 photoelcct run to lb photoelectrons, was also 
K'asuied, at a pliotonult ipl ier teMperature of 24 *(!. t'alihra* 
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t ion ot the 1/8-phutoelect .'on point was maile with an Kt.’A 88S0 

whose high pulse height resolution Made the calibration 

po.ssibif.^* The dark’pulsc count for the photoault ipl icrO 
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serial iiuabcr 312 In was found to he 


In photoelcct rolls 


* 40 X lu^' counts per second. 
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Schcaut ic ilugraa of divider u:»cd in the aeasurcBentsk . 
('•ain and dark current as a function of voltage between 
anode and cat bode. 

Single photoelect roil tine spread, relative collection 
eifici.*ncy, and transit t lae difference as functions of 
voltage b. tween photocathode and focusing electrode lor 
Aaperex Sti fVI* phot laultipl ier, serial nuaber 5121b. 
Single phut oe lect roll tiae spread, relative collection 
efficiency, and transit tiae difference as functions of 


voltage between photocathode and focusing electrode for 


•\a|H‘res So f\T photoaultiplier , serial nuaber 51225. 
Single photoelcct loi. tiae spread as a function of the 
position of the pnotocathodc sersirg area, for Aaperex 
Sb rVP photoaultiplier, serial nuaber 51216. 

Single photoelect run tiae spread as a function of the 


position of the photocathode sensing area for Aaperex S6 
n 
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rvr photoaultiplier, serial nuaber 51225. 

Relative collection efficiency as*^ a function of the 
position of the photocathode sensing area for Aaperex Sb 
TVT photoaultiplier. serial nuaber 5121b. 

Relative co' lect ion efficiency as a function of the 
position of the photocathode sensing area for Aaperex Sb 
TVP photoaultiplier, serial nuaber 51225. 


Fill. 6A. 


apt ions (cont'd.) , 

Relative anade pulse aaplitude as a fund ion ^of the 

position of the photocathooe sensing area for Aaperex So 

T\T photonult ipl ler • serial nuaber 31216. 

□ 

Fig. 6B. Relative anode pulse aaplitude as a function of the 

H position of the photorathode sensing area for Aaperex S6 - ^ ' 

TVP photoaultiplier. serial nuaber 31223. 

Fig. *. Single photoelcctron pulses froa an Aaperex S6 TVP 

operated at 2S00 V, using 200-psec iapulse excitation 
froa the Ferranti XP23 electrolminascent dio^e in 
the reverse direction. 

Fig. 8 . Dark-pulse height spectrua. 
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